Background and purpose: Total knee arthroplasty (TKA) is one of the most fre-
Saskatchewan is a prairie province located in western Canada.
The most recent census revealed that Saskatchewan has had the highest median income growth among provinces and that the largest ethnic group is German (Government of Saskatchewan, 2017) .
The primary industries include agriculture, oil and gas, and mining (Phillips, n.d.).
The crude incidence rate of total knee arthroplasty (TKA) is approximately 118.8 per 100,000 people per year (De Pina, Ribeiro, & Santos, 2011) . TKA is one of the most common orthopaedic procedures in Canada, with approximately 65,000 performed annually (Canadian Institute for Health Information, 2016; MacDonald, 2004) .
According to the Canadian Institute of Health Information (CIHI) (2016) , from 2011-2012 to 2015-2016 , the province of Saskatchewan tied in second place in all of Canada for the percentage increase in the total number of knee replacements (+23% change). In this same time span, Saskatchewan also had the second highest change in hospitalization rates for knee replacements in Canada (+9%). Moreover, the province's median acute length of stay for all knee replacements in 2015-2016 was also 1 day longer than the national average (Canadian Institute for Health Information, 2016) . As the number of elective TKA surgeries steadily increases with the ageing population worldwide (Bone and Joint Canada, 2014; Canadian Institute for Health Information, 2016; Kurtz et al., 2009; Wells et al., 2002) , the pressure on the healthcare system will only grow, and this is not unique to Saskatchewan. It is imperative, therefore, to develop targeted and tailored rehabilitation programmes, so that the volume of patients requiring treatment is balanced by the identification and corrective action of those who are at risk of poor outcomes.
Rehabilitation practices can be influenced by internal and external patient factors (e.g., knee condition, access to healthcare), local healthcare procedures and the primary care team (Bone and Joint Canada, 2014; MacDonald, 2004) . TKA rehabilitation varies by province; however, for most patients, rehabilitation following TKA is initiated in the acute inpatient setting and continued at a variety of locations following postoperative discharge (e.g., nursing facility, inpatient rehabilitation facility, outpatient physical therapy, home with prescribed exercise programme) (Bone and Joint Canada, 2014; MacDonald, 2004 ). Yet, the frequency and varied location of TKA rehabilitation have led to few studies reporting on the gathering of outcome predictors, with an intent to modify therapy while balancing patient volumes (Wainwright, Kennedy, & Stratford, 2015) .
In terms of the factors that are important to consider when starting a patient on a TKA rehabilitation programme, a recent consensus panel indicated that numerous personal factors can influence delivery and outcomes of TKA, including general health and fitness, pain status, functional status (which was widely agreed upon) and cognitive status (Westby, Brittain, & Backman, 2014) . This expert panel also identified external factors which can influence rehabilitation outcomes, and included family support, availability of rehabilitation professionals and access to transportation (Westby et al., 2014) .
The functional status of the knee can be assessed in a variety of ways, and ought to be assessed throughout recovery. However, activity-based tests such as stair climbing and balancing (while clinically relevant) introduce needless intrarater variance into predictive models. Moreover, although the use of self-rated measures of activity-based function and pain (e.g., the 36-item short-form health TKA being predicted by pain scores pre-TKA, with no idea about the change in range of motion of the knee. Therefore, categorical parameters of the patient (e.g. gender, use of a walking device, comorbidities) (Kreder et al., 2003) , in conjunction with simple objective measures such as range of motion, have been taken into consideration when creating and triaging rehabilitation plans. These measures are easily reproduced across a wide range of clinical skill sets and are highly recommended when doing routine assessments (Ebert, Munsie, & Joss, 2014; Westby et al., 2014) .
Furthermore, full flexion to full extension of the knee has been used as a clinical reference point (110 degrees), wherein cut-off scores of 100 degrees have been previously used to determine functional outcomes (Ebert et al., 2014) . This 100-degree range of motion cutoff score has been used previously to predict a completion of daily tasks with minimal to no hindrance (Button, Iqbal, Letchford, & van Deursen, 2012; Devers et al., 2011; Rowe, Myles, Walker, & Nutton, 2000; Tew, Forster, & Wallace, 1989) . Opposite to this, a range of motion of 80 degrees or less has been predictive of poorer functional outcomes following TKA (Ebert et al., 2014; Wainwright et al., 2015) .
Moreover, the range of motion at intake (along with other variables) has also been shown to correlate highly and predict range of motion at discharge (Ebert et al., 2014) . Predicting discharge range of motion has become crucial, as it helps to create statistical models that balance subjective and objective outcomes (as mentioned above). These models are critical for clinicians and rehabilitation specialists for patients who would not benefit (e.g., due to postoperative infection, manipulation or poor range of motion at intake), or those who attempt group rehabilitation but do not progress well, are treated individually (Wainwright et al., 2015) . Typically, most patients can participate in class-based rehabilitation following TKA.
In setting up this care model, it was realized that there is a lack of studies examining the range of motion changes (or predictors) in TKA patients who participate in group rehabilitation (Wainwright et al., 2015) . Moreover, to our knowledge, no postrehabilitation information on range of motion has ever been published from Saskatchewan, which, given the sharp rise in TKAs occurring, also warrants further exploration. Said differently, the group therapy rehabilitation model and its impact on human resources may guide both future health regions and physiotherapy practice.
The primary objective of the present study was to document the changes in range of motion throughout the rehabilitation programme at the HKTRC. Based on existing literature, it was hypothesized that patients who participated in outpatient rehabilitation at the HKTRC would report improvements in range of motion from intake to discharge. Moreover, flexion at discharge would be 110 degrees or greater (Button et al., 2012; Devers et al., 2011; Rowe et al., 2000; Tew et al., 1989) . A secondary objective was to explore the demographic and medical predictors of rehabilitation outcomes, including length of treatment and hospital stay. These factors are important for Saskatchewan to begin tracking, given the large increase in TKA procedures, so this project also represented the first steps for the province and the HKTRC further to refine their treatment pathway in the future. (Dutton, 2012) .
Moreover, the Canadian healthcare system is free for all citizens, and thus there was no economic bias to the current study.
Eligibility criteria included all patients who underwent TKA and participated in rehabilitation at the HKTRC from September 2014 to December 2016. Exclusion criteria included patients with postoperative complications, or who had undergone bilateral, revision or unicompartmental arthroplasty. In total, 828 charts of the subjects who had undergone a right or left TKA and participated in rehabilitation were included. Of these, 156 patients (18.8%) stopped attending the rehabilitation programme prior to discharge or met one of the criteria for exclusion and were subsequently omitted. The data for the remaining 672 patients were retrospectively reviewed and used for the analyses.
| Group class or individual physiotherapy therapy
Patients were assigned to either group class or individual therapy based on several factors that have been described previously (Wainwright et al., 2015) . In brief, patients were deemed ineligible if the rehabilitation orders from the physician were outside what is deemed "typical". Examples of atypical cases included (but were not limited to): if the patient's knee flexion was less than 65 degrees, if the patient required isolation precautions, if the patient's cognitive status suggested that group therapy was not appropriate or if the patient requested not to attend for personal reasons (such as living out of town) (Wainwright et al., 2015; Westby et al., 2014) . Patients deemed ineligible for group therapy received individual physiotherapy sessions. Those deemed to be doing well at the initial assessment (i.e., flexion range of motion greater than 90 degrees) were also given the option to have individual sessions, at the therapist's discretion.
If patients assigned to group therapy did not show adequate progress during group exercise sessions-for example, no improvement in range of motion over a 7-14-day period-then they would be referred back to their primary therapist for individual treatment sessions. Likewise, if patients with poor range of motion made significant gains with initial therapy, they would be referred to group sessions, at the therapist's discretion. Therapy sessions lasted approximately 1 hr.
| Measures
Standardized outcome measures and a physiotherapy assessment were administered at intake and discharge from the HKTRC. Electronic charts were reviewed for a variety of outcomes, including age, gender (male, female), operative side (right, left), presurgical education (yes, no), flexion and extension on intake (i.e., baseline; degrees), length of treatment (days), inadequate flexion or extension (yes, no), sticky flexion or extension (i.e., flexion or extension contractures, a yes or no category) (Kim, Nelson, & Lotke, 2004) , performed manipulation (yes, no) and flexion and extension at discharge (degrees) and these were recorded. A standard goniometer was used to measure flexion and extension.
| Statistical analysis
For demographic and medical characteristics, continuous variables are expressed as mean ± standard deviation, and categorical variables are expressed as frequencies and percentages. Before the use of parametric statistics, all variables were assessed for normal distribution. Paired t-tests were conducted comparing flexion and extension at admission and discharge. Forced-entry multiple regression analyses were also performed to determine the independent association of the demographic and medical characteristics with flexion and extension at discharge and length of treatment. The significance level was set at an alpha of 0.05, and all tests were two-tailed. All analyses were conducted using the Statistical Package for the Social Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL, USA).
| RESULTS

| Sample characteristics
Demographic and medical characteristics are presented in Table 1 . The mean age of the 672 participants was 66.68 ± 9.45, and 61.8% were female. Over half (52.8%) of participants had a right knee arthroplasty, with only 88 (13.1%) experiencing sticky flexion and 105 (15.6%) experiencing sticky extension. A total of 327 (48.7%) participated in group rehabilitation classes.
Changes in flexion and extension following rehabilitation are presented in Table 2 . The results showed that there was a statistically significant improvement in flexion following the rehabilitation programme, from 82.14 ± 18.19 to 116.27 ± 8.09 (p < 0.001) degrees; an improvement of 34.09 ± 15.51 degrees. A statistically significant improvement was also noted for extension following the rehabilitation programme, from −8.09 ± 6.96 to −2.96 ± 3.16 (p < 0.001) degrees; an improvement of +5.11 ± 6.26 degrees.
The results of all multiple regressions can be found in Table 3 As expected, improvements in flexion and extension were noted following rehabilitation. This finding is consistent with systematic reviews examining the effectiveness of physiotherapy exercises following knee arthroplasty (Button et al., 2012; Colwell Jr & Morris, 1992; Devers et al., 2011; Rowe et al., 2000; Tew et al., 1989) .
Specifically, Lowe, Barker, Dewey, and Sackley (2007) found that outpatient functional physiotherapy exercises following hospital discharge resulted in improvements in range of motion in the knee joint, muscular strength and quality of life. Upon discharge, flexion (115.99 ± 8.00) was >110 degrees, which is linked with these important health outcomes (Devers et al., 2011; Rowe et al., 2000; Tew et al., 1989) . Given the need to decrease lengths of hospital stay and reductions in inpatient rehabilitation physiotherapy, outpatient physiotherapy in a group-based or individual format may be an effective form of rehabilitation for TKA patients in Saskatchewan. This is important to note, as intake range of motion predicted only length of treatment in the community, and not the acute hospital stay, so there may be an opportunity to use some of these predictors better to transition high-risk patients out of hospital (i.e., with more community supports or mobility aides).
As an example of care transitioning, TKA patients in the present study were more likely to have a shorter length of rehabilitation treatment if they were younger and had better flexion and extension at intake. Although there is an absence of postrehabilitation data following TKA, the findings are similar to predictors of length of inhospital rehabilitation treatment in TKA patients. For example, patients younger than 60 years had a shorter length of in-hospital length of stay (Crawford, Scully, McFadden, & Manoso, 2011) . It is likely that ageing affects the length of outpatient rehabilitation treatment as older individuals present with poorer functional outcomes, prolonging their length of outpatient rehabilitation treatment (Colwell Jr & Morris, 1992; Coutts et al., 1983) . Efforts to target TKA patients who are older or present with poor functional outcomes may be important when developing and triaging inpatient and outpatient care transitions and holistic rehabilitation plans, as this patient population is likely to require prolonged treatment. Although outside the scope of the present study, this trend has been detailed previously with CIHI data in another Canadian province (Kreder et al., 2003) , and once again reflects the need for standardized, predictive care planning.
Our multivariate analysis also indicated that having a right knee TKA, gender, and higher level of knee extension at intake were significant predictors of post-operative discharge extension. These findings are not surprising, given that limited postoperative range of motion can compromise the restoration of function and quality of life (Button et al., 2012; Keating et al., 2007) . Although speculative, one potential influence on outpatient rehabilitation intake and discharge knee flexion/extension is the design of the prosthesis, which was not assessed in the present study but has been studied elsewhere (Wainwright et al., 2015) . Prosthesis design has been found to have an effect on mobility and range of motion (Maloney et al., 1990) . These predictors are also consistent with a number of studies that found patient characteristics and the preoperative diagnosis were related to postoperative functioning (Button et al., 2012; Colwell Jr & Morris, 1992; Coutts et al., 1983; Hernigou, Poignard, & Nogier, 2005; Kumar, McPherson, Dorr, Wan, & Baldwin, 1996; Mauerhan, Mokris, Ly, & Kiebzak, 1998; Montgomery & Eliasson, 1996) . These findings may be important for clinicians in Saskatchewan for developing tailored or targeted outpatient rehabilitation programmes.
To our knowledge, the present study was the first to examine changes in functional outcomes in TKA patients in Saskatchewan who undergo group TKA rehabilitation. The combination of the current TKA patient load stress within Saskatchewan, the introduction of group therapy and the use of objective measures that can potentially be used for future quality improvement research makes this study valuable. Moreover, we obtained a large sample, and loss to follow-up was limited. However, several limitations apply to the present study. A retrospective design was used, which precludes any inferences about causality, and the lack of long-term follow-up limited the availability of information on the success of the surgery.
In addition, our study did not assess any patient-reported outcomes, such as physical functioning and quality of life, which may have helped in the interpretation of the data. Future rehabilitation studies may consider assessment of these outcomes, now that an association between rehabilitation and functional outcomes in TKA patients in Saskatchewan has been established. Further still, one must also acknowledge that a centralized group therapy approach may have worked well because the geographical distance facilitated this success.
The reader is reminded that a recent expert consensus panel noted that poor access to transportation and to healthcare providers can be serious factors which diminish patient outcomes.
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